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Title: INK VARNISH AND COMPOSITION AND METHOD OF 

MAKING THE SAME 



5 BACKGROUND OF THE INVENTION 

!• Field of the Invention 
The present invention relates to the field of ink compositions and 
varnishes and more particularly to ink varnishes and methods useful in the 

10 manufacture of ink compositions which exhibit desirable ink properties while at 
tiie same time substantially reducing or eliminating use of petroleiun solvents. 
The present invention also relates to ink varnishes having fimctional 
components providing the varnishes and resulting ink compositions with 
desirable properties including ink set, life, gloss, water washability and pigment 

15 dispersion, among others, and to methods of making such ink varnishes 
including an improved varnish cook cycle which maintains such functional 
components substantially in tiieir functional form during the cook cyde. 

2. Description of the Prior Art 
20 A wide variety of printing processes currently exist in the art. 

Although the ink composition varnish and method of the present invention 
have applicability to most if not all of these prior processes, it has particular 
applicability to a lithographic printing process commonly referred to as offset 
lithography. 

25 Traditional ink compositions are comprised of an ink varnish and a 

dispersed pigment Ink varnishes in turn indude a resin component comprised 
of a hard resin, a liquid resin or a combination of hard and liquid resins, an oil 
component and a solvent component. The oil and solvent components are 
comprised of materials such as vegetable oils, vegetable oil derivatives or 

30 combinations thereof, petroleum distillates and a variety of replacement 

solvents. Various iitk properties such as ink set, life, gloss, tack, viscosity and 
color development depend upon the ink varnish components and in particular 
the selection of the resin, oil and solvent components. Solvents in printing inks 
perform several functions. First, they provide solvency during the varnish 

35 manufacturing step by dissolving and carrying the various resins. Second, they 
are used during final adjustment of the ink varnish and composition to achieve 
the desired ink tack and viscosity. Third, solvents provide the primary means to 
set the ink while also controlling, to a major extent, the ink life. As used in the 
printing industry, the "set" of an ink reflects the time needed for a printed ink to 

40 set up via evaporation, reaction, absorption or the like to a point where it can be 
handled without smearing of the ink. The 'life'' of an ink reflects the time 
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during which the ink can remain on a print plate or other application equipment 
without setting or drying. Generally, the properties of ink set and ink life are 
balanced. For example, conventional inks which set quickly tend to have a short 
life on the press, while inks which have a long life on the press generally take 

5 longer to set, especially on coated papers or other less porous substrates* 
The degree of solution among the traditional ink varnish 
components also significantly affects various ink properties. In general, as the 
degree of varnish resin solubility increases, ink stability and gloss increase while 
viscosity decreases. Because cooking of die varnish generally improved 

10 solubility of the conventional varnish components, conventional varnish cook 
cydes have favored long cook times at elevated temperatures. For example, 
conventional cook cydes involve cook temperatures as much as lOO^F (38^ C) or 
more above the melting point of the hard resins and cook times as long as ten 
hours or more. 

15 Various attempts have been n:iade to improve and optimize the 

various ink properties by developing new ink resins, by using different solvents 
and oils and by varying the ratios and using different combinations of resin, oils 
and solvents. The solvents of choice in traditional ink varnish formulation 
have induded petroleum distillates because of their ability to readily dissolve the 

20 conventional ink resins, because of their high volatility and because of their 
relatively low molecular weight. The high volatility causes the solvents to 
evaporate quickly from the printed ink while the low molecular weight enables 
the petroleum distillates to readily absorb into the substrate immediately after 
printing. Such evaporation and absorption causes the viscosity of the ink film to 

25 increase rapidly, thereby causing the ink to set. 

ThuS/ traditional ink varnishes have induded petroleum distillates 
as solvents and have required cooking the varnish at elevated temperatures and 
for extended periods of time to improve resin solubility and thus stability. 
However, there are two prindpal disadvantages of using petroleum distillates 

30 and other petroleum based solvents. First, because of their high volatility, 
petroleum distillates emit volatile organic compoimds (VCXIs) both during 
printing and deanup as well as during the setting and drying. Thus, significant 
restrictions have been imposed on their use by Occupational Safety and Health 
Agency (OSHA), Environmental Protection Agency (EPA) and other regulations. 

35 Secondly, petroleimi distillates are essentially a nonrenewable resource. 

Because of the desire to reduce the use of . petroleum based solvents 
in ink compositions, ink compositions and varnishes have been developed in 
which all or a portion of the petroleum based solvents have been replaced with 
nonvolatile organic solvents. For example, in U.S. Patent No. 5,173,113 issued to 

40 Sugarman, the petroleum solvents have been replaced by various unsaturated 
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fatty add esters. Further, in U.S. Patent No. 4,938^01 issued to Yoshioka, a 
portion of the petroleum solvent has been replaced by a nonvolatile polar 
solvent which is then denatured. Attempts have also been made to substitute 
vegetable oils such as linseed oil, soy oil, canola oil or ttmg oil in printing inks in 
5 place of the petroletun distillates, however, the use of such vegetable oils has 
been found to be particularly restrictive because of the limited compatibility and 
solubility of most hard resim in such oils and the longer set times of inks made 
with these oils. Still further, as disclosed in U.S. Patent No. 5,178,672 issued to 
Miller, various fatty adds and fatty adds esterified with a simple alcohol or glycol 

10 have been used. 

Although the replacement of petroleum solvents with nonvolatile 
or less volatile solvents has achieved the primary objective of reducing 
dependence on petroleum based solvents, many of the ink properties, most 
notably ink set, formulation latitude and gloss, have suffered. Further, although 

15 the solvent formulation has changed, the methods of manufacturing Hie ink 
varnishes, and in particular the varnish cook cydes, have not changed 
significantly. For example, current ink varnish manufacturing technology, 
induding technology relating to varnishes having a significant nonvolatile 
solvent component or other fimctional component, continues to involve 

20 cooking the varnish components at elevated temperatures well above the 

melting point of the hard resins and for an extended period of time in an effort 
to improve the solubility of the various varmsh components and thus the 
varnish stability. However, as discussed below, such cook cycles result in 
esterifying reactions among the various varnish components and in particular 

25 the solvent replacements and/or the other fimctional components. These 

reactions result in the loss of many of the possible additional benefits of utilizing 
the nonvolatile solvents and various other functional varnish components. 

Accordingly, there is a need in the art for an ink composition or 
varnish, and a method of making the same, in which the use of petroleum 

30 solvents has been significantly reduced or eliminated/ but which continues to 
have highly acceptable stability, highly acceptable ink properties induding ink 
set, life, gloss, tack, viscosity and pigment dispersion and which retains 
additional benefits of the nonvolatile replacement solvents. A need also exists 
for a method of making an ink composition or varnish induding a cook cyde 

35 having a primary objective of dissolving the varnish components, while also 
limiting reactions among functional components, thereby retaining the 
benefidal functional properties of such components in the finished varnish. 
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SUMMARY OF THE INVENTION 

In contrast to the prior art, the present invention provides an ink 
composition or varnish in which petroleum based solvents have been 
5 substantially reduced or elinunated and/or which contain fimctional 
components providing such composition and varnish with desirable ink 
properties such as ink set, life, gloss, tack, viscosity, pigment dispersion and water 
washability, among others. The present invention also provides an improved 
ink manufacturing method or cook cycle which retains ti\e beneficial properties 

10 of the nonvolatile solvents which have been selected to replace the petroleum 
solvents as well as the beneficial properties of other functional varnish 
components such as those providing water washability and/or pigment 
dispersibility. Such improved cook cyde also substantially reduces energy 
requirements and iixk varnish manufacturing time. The present invention has 

15 particular applicability to ink compositions and varnishes which are 

substantially water insoluble in their printed form and which are usable in offset 
lithography. However, ink compositions and varnishes usable in other printing 
processes are also within the scope of the present invention. 

In accordance with the present invention, it has been discovered 

20 that although ink varnish cook cycles at elevated temperatures for extended 
periods of time are highly desirable when using petroleum based solvents, such 
cook temperatures and times are detrimental to many of the potential benefits of 
functional varnish components such as fatty adds, fatty add esters and other 
relatively low molecular weight nonvolatile replacement solvents, water 

25 redudble resins to provide water washability,and add functional resins to 
provide improved pigment dispersion, among others. 

Accordingly one aspect and object of the present invention is to 
provide an ink varnish cook cyde which involves a lower temperature and a 
significantly shorter cook time than conventional ink varnish cook cycles. Many 

30 benefits of the replacement solvents and other fimctional components which are 
lost when conventional cooking techniques are employed are retained with the 
cook cycle of the present invention. This results in ink properties, and in 
particular ink set, life and gloss properties which are, in many cases, as good as or 
better than ink compositions containing petroleum solvents. Such cook cyde 

35 also retains the benefidal properties of functional components such as water 
redudble resins, thereby facilitating the manufacture of water washable ink 
compositions and varnishes. 

Another object of the present invention is to provide a varnish 
cook cyde for ink varnishes containing functional or reactive components in 

40 whidi the cook time and cook temperature are suffidently long and high to 
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dissolve or solvate the various varnish components/ but sufficiently short and 
low to minimize reactions among the components, and thus retain the beneficial 
properties of such functional components. 

A further object of the present invention is to provide an ink 
5 varnish cook cyde for an acid functional system in which the reduction in add 
number of the ink varnish during the cook cycle is no greater than about 25% 
and/or in which the add number of the ink varnish is reduced to no lower than 
about 25 during the cook cyde. 

Another object of the present invention is to provide a low VOC 
10 lithographic ink composition or varnish embod}dng a hard resin with elevated 
add functionality. 

A further object of tfie present invention to provide a water 
insoluble ink composition or varnish having an absence or a minimal amount 
of petroleum based solvents and an add number no less than about 25, preferably 
15 no less than about 45 and most preferably no less than about 60. 

A further aspect of the present invention indudes the use of 
various fatty acids, fatty add esters and other low molecular weight nonvolatile 
solvents in combination with various functional resins induding one or more 
water reducible resins to provide a substantially water insoluble ink composition 
20 whidi can be printed in its water insoluble form and washed up using aqueous 
based solutions. 

These and other objects of the present invention will become 
apparent with reference to the description of the preferred embodiment and 
method and the appended daims. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENT AND METHOD 
The ink varnishes, compositions and method of the present 
invention have particular applicability to lithographic ink varnishes and 
compositions useful in the fidd of o^et lithography. Accordingly, the preferred 

30 embodiment and method will relate prindpally to lithographic varnishes and 
compositions and ink properties important to offset lithography. The present 
invention is equally applicable, however, to other ink varnishes and 
compositions and other print processes induding letter-press, graviu'e, 
fiexographic and intaglio, among others. 

35 In accordance with the present invention, it is believed that fatty 

adds, fatty add esters and otiier relatively low molecular weight nonvolatile 
solvents behave in a manner similar to that of petroleiun solvents with many of 
the same benefits of petroleum solvents, as long as they remain substantially in 
their low moleculau' weight form and are not combined with other components 

40 of the varnish through esterification, transesterification or other reactions. In 
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Other words, it is believed that certain fatty adds, fatty add esters and other low 
molecular weight nonvolatile solvents useful in the present invention are 
relatively mobile and reactive and that if they can be retained in their low 
molecular weight form, (hey essentially mimic the behavior of petroleum 
5 solvents by being readily absorbed into the printed substrate. Further, because 
such solvents in their low molecular weight form are hydrophiiic, they are, in 
many cases, more readily absorbed, thus resulting in set times comparable to 
those achieved through the use of petroleimi solvmts. 

It has also been discovered that various other functional 

10 components of an ink varnish can provide highly desirable ink properties such 
as water washability or pigment dispersion as long as such functional 
components are retained in their functional form during the cook cyde and are 
not subjected to esterification, transesterification or other reactions* As used 
herein, the term 'Afunctional component' of a varnish means a varnish 

15 component having one or more of a variety of desired functional properties such 
as, among others, mobility, hydrophilidty, water redudbility, pigment 
dispersibility and resin solubility. Such functionality is often exhibited in a 
functional component because of the presence of various functional groups such 
as ester linkages, carboxyl or add groups (CCXDH), hydroxyl groups (OH) or amine 

20 groups (NHa). The preferred embodiment and mettiod, however, will be 
described with respect to an add functional system. 

Maintenance of nonvolatile solvents in their low molecular wdght 
and imreacted form and maintenance of other functional components in their 
unreacted form, however, runs contrary to the prevailing ink varnish 

25 manufacturing tedmology whidi is to cook the varnish components at elevated 
temperatures and for extended periods of time. This has always been considered 
necessary to insure full solvation of the resins in the solvents and oils to thereby 
stabilize the vamish. This was particularly the case when petroleum solvents 
were used and when substitute nonvolatile solvents were used in combination 

30 with conventional ink resins having relatively low acid functionality. The 
limited solubility between many of these low molecular wdght nonvolatile 
solvents and sudi resins reinforced the notion that long cook times at devated 
temperatures was critical. 

The present inventors recognized, however, that high cook 

35 temperatures and extended cook times were incompatible with the maintenance 
of most nonvolatile solvents or other fimctional vamish components in their 
unreacted form. At least two reasons existed for this. First, the low molecular 
weight nonvolatile solvents as wdl as other functional vamish components 
tended to be highly reactive due to thdr mobility, functionality and/or lack of 

40 steric hindrance and thus subject to esterification, transesterification or other 
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condensation reactions. Second, such reactions tended to be highly temperature 
dependent, with a tendency to proceed rapidly at temperatures exceeding about 
200^ F. (93^ C) and extremely rapidly at temperatures exceeding 300** F (149'* C). 
Esterification reactions are well known and involve the reaction of carboxyl 
5 groups and hydroxyl groups present on the resins, oils and solvents to form an 
ester linkage and thus join smaller molecules together into larger molecules. 
Transesterification reactions involve the attack of existing ester linkages by 
carboxyl or hydroxyl functional materials. In add functional systems, the add 
group deaves the existing ester bond and is reattadied to the resin by formation 

10 of a new ester group. Tlie potential for both esterification and transesterification 
reactions to occur increases rapidly as the add number of the varnish and its 
components is increased. As a result, esterification and other reactions 
involving the low molecular weight nonvolatile solvents or other functional 
components occur readily during conventional cook cydes, thus diminishing 

15 many of the benefits of such components. 

In an acid functional system, esterification and otiier reactions 
during a varnish cook cyde can be followed by monitoring the add nimiber, 
viscosity and tack of the varnish as it cooks. The add number of a particular 
material is one accepted measure of add functionality or the number of free add 

20 or carboxyl groups (COOH) groups available in ti\at material for reaction. Tests 
are known in the art for determining the add number of a material. Add 
number is expressed as the amount of potassium hydroxide (KOH) in milligrams 
(mg) required to neutralize one gram of the material tested. Since the 
esterification reaction consumes add, the add number of the varnish decresises 

25 as the cook cyde, and thus esterification, proceeds. The reduction of the add 
number of tiie varnish during the cook cyde can be detamined by comparing 
the add nimiber at the beginning and at the end of the cook cyde. The add 
number at the beginning can be determined by calculation (the theoretical add 
number) or by measurement. The beginning of tiie cook cyde is tiie point at 

30 which all of tiie resin is dissolved in the solvent and oil. The add ntunber at the 
end of the cook cycle is determined by measurement. 

Traditional varnish cook cydes reduce the add number of the 
varnish by as much as 50 to 70% or more to a value of less than 20 and often less 
than 10. Such cook cydes are considered necessary to reduce the ionic l>ehavior 

35 of the varnish and thereby increase the overall stability and water insolubility of 
the ink. In contrast, the process of the present invention involves a cook cyde 
which results in a minimum reduction of the add number of the vamish, 
preferably by less than 25%, more preferably less than 10% and most preferably 
less than 5%. Accordingly, the resulting loss or reduction of add number during 

40 the cook cyde provides a quantitative method by which esterification and otiier 
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reactions can be monitored and thus use of the present invention determined. 
In addition, because esterification and transesterification reactions can also cause 
changes in viscosity and tack of tiie varnish as it cooks, the extent to which such 
reactions occur can often be determined by monitoring the viscosity and/or tack, 
5 In other fimctional systems such as hydroxy or amine functional 

systems, the extent of reaction by the hydroxy or amine functional components 
during a cook cyde can be followed by monitoring the respective hydroxy or 
amine number of the varnish while it cooks. 

The ink varnishes in accordance with the present invention and to 

10 which the method of the present invention is applicable are those which are 
substantially water insoluble and intended to be printed in their water insoluble 
. form. Further, the ink varnishes of the present invention are oleoresinous 
varnishes which are generally used to produce quick set, heat set and various 
other drying inks whidi set and/or dry by oxidation, absorption into tiie 

15 substrate, and/or solvent evaporation. In an oleoresinous system, the ink 
varnish is comprised principally of resins, oils and solvents. A general 
requirement of the resin, oil and solvent components is that they be compatible 
with one another. In other words, capable of solvation or miscibility. 

The resin component of the ink varnish of the present invention 

20 functions among other things as a film former to bind the varnish and pigment 
together and, when the ink drys, to bind the same to the receiving substrate. The 
resin component also contributes to the properties of hardness, gloss, adhesion 
and flexibility of the ink. In conventional oleoresinous systems, the resin 
component is commonly comprised of a hard resin component and/or a liquid 

25 resin component, but can comprise various other compositions and resins as 
well. Preferably the ink varnish of the present invention also comprises both a 
hard resin and a liquid resin; thus, it is at least a two resin component system. 
However, this is not a requirement. 

For a two resin component system in accordance with the preferred 

30 composition, the hard resins are normally solid at room temperatures and 
typically fall into two principal dasses: the modified rosin ester resins and the 
modified hydrocarbon resins. Various hard resins or hard resin combinations or 
blends can be, and have been, utilized in the ink varnish of the present 
invention provided such resins are compatible with the other components of the 

35 vamish. As used herein, compatibility means generally soluble or misdble with 
one another. Hard resins usable in the ink varnishes of the present invention 
may be comprised of natural or processed resins such as rosins, rosin esters, 
maleic modified resins, rosin modified fumaric resins, dimerized and 
polymerized rosins, asphalts such as gilsonite and like, phenolics, rosin modified 

40 phenolics, terpenes, polyamides, cydized rubber, acrylics, hydrocarbons and 
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modified hydrocarbons. Also included among the available hard resins are those 
identiHed in The Printing Ink Manual, 4th Ed. (1988) edited by R.H. Leach and 
published by Van Nostrand Reinhold, the substance of which is incorporated 
herein by reference. 
5 Conventional hard resins usable in ink varnishes are usually 

cooked so as to have substantially all of the add or carboxyl groups (COOH) 
reacted with all or substantially all of the hydroxyl (OH) groups. This results in a 
resin having relatively low add functionality and thus low reactivity with an 
add number less than 30 and often less than 20. Although diese low add 

10 functional resins can be used in the present invention, improved compatibility 
and solubility with the oils, nonvolatile solvents and other functional varnish 
components of the present invention can be achieved by using hard resins with 
elevated add functionality, and in particular those exhibiting acid numbers 
greater than 30, more preferably greater than 40, and most preferably greater than 

15 50 or greater than 80. The hard resins generally have melting temperatures 
greater than about 300^ F (149^ C). Preferably the hard resin comprises at least 
about 5% by weight of the varnish and more preferably at least about 10% by 
weight. 

The liquid resin component for a two resin component ink varnish 

20 of the present invention, like the hard resins, functions to form the varnish or 
ink composition into a cohesive material and, upon printing, to bond the 
pigment to the receiving substrate. However, imlike the hard resins described 
above the liquid resin component is typically not solid, but is a viscous liquid. 
Liquid resins usable in accordance with the present invention can include alkyds, 

25 polyesters, maleic modified drying oils and styrenated epoxy esters together with 
various other liquid resins known to those in the art and also those identified in 
The Printing Ink Manual, supra, the substance of which is incorporated herein by 
reference. The liquid resins may also indude, if desired, functional resins such 
as water redudble resins for providing the ink with water washability as 

30 disdosed in U.S. Patent No. 5,338351 dated August 16, 1994. The substance of the 
entirety of such patent and particularly the disdosure and examples rdating to 
the water redudble liquid resins is incorporated herein by reference. 

As used herdn, the term water redudble defines a property of a 
resin or composition which enables such resin or composition to be substantially 

35 water insoluble under certain conditions (preferably pH related) and capable of 
being or becoming water soluble or water washable or dispersible under certain 
other conditions (preferably pH rdated). In accordance with the preferred 
embodiment, the term water redudble defines a resin or composition whose 
water solubility behavior is pH dependent, with such resin or composition being 

40 water insoluble imder certain addic conditions and water washable imder certain 



wo 96/34922 PCT/US95/D5593 

10 

alkaline conditions/ or vice versa. The term water washable as used herein refers 
to a substantially wata insoluble ink composition or varnish which can be 
printed in its water insoluble form, but deaned up or washed with an aqueous 
solution. 

5 Nimierous water reducible resins currentiy exist or can be 

formulated to meet the requirements of the present invention. Many of these 
have been tested in lithographic or other printing environments. Specifically^ it 
has been shown that certain water reducible alkyds (Cargill's short oil alkyds 74- 
7450, 74-7451; Cargill's long oil alkyd 74-716; Cook Composite's short oil alkyd 

10 101210), certain water reducible polyesters (Cargill's polyester 72-7203), certain 
water reducible polyolefins (Cargill's modified polyolefin 73-7358), certain water 
reducible modified oils (Cargill's modified linseed oil 73-7319) and certain water 
reducible epoxy esters (Cook Composite's styrenated epoxy ester 100453) exhibit 
the desired characteristics and are acceptable provided they are compatible with 

15 the other components of the system and are present in an amount sufficient to 
cause the varnish and ink composition to exhibit similar characteristics. The 
most preferred resins are the water reducible alkyds and water reducible 
polyesters. All of the above are compatible with castor oil except for Cargill's 
modified linseed oil 73-7319 which is compatible witii linseed and soya oil and 

20 Magie solvent Cargill's short oil alkyd 74-7451 is additionally compatible with 
linseed and castor oils. 

For the water reducible resins and for the ink compositions or 
varnishes incorporating such resins as described above, water solubility or 
washability characteristics depend on the pH of tiie aqueous solution with which 

25 such compositions come into contact. Using the preferred water reducible resins 
of the present invention, such resin and the resulting compositions or varnishes 
are water insoluble at a first acidic pH level less than 7.0. Preferably the pH of the 
solution to which the composition will come into contact in its insoluble form is 
between about 3.0 and 6.5 and most preferably between about 4.0 and 5.5. The 

30 second pH level at which the water reducible resin and resulting ink 

composition or varnish becomes water soluble or washable is an alkaline pH 
having sufficient basic strength to substantially neutralize the add groups of the 
water reducible resin. Preferably such pH is between about 8.5 and 14 and most 
preferably between about 10.5 and 13. Preferably, the water reducible resin should 

35 comprise at least about 5% by weight of the vamish, more preferably about 5% to 
60% by weight and most preferably about 10% to 40% by weight. 

The water redudble resins of the type described above are add 
functional, with such acid functionality being a prindple factor in providing 
such resins with their water reducible properties. Add numbers of these resins 

40 are generally above 25 and preferably above 30. Because of this functionality. 
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employment of conventional cook cycles will tend to result in esterification and 
other reactions, thus diminishing or eliminating the'desired water reducible 
properties. Accordingly, tiie cook cyde of the present inv^tion preferably 
employs cook times and cook temperatures which minimize or eliminate 
5 esterification and other reactions involving the water reducible resin 

components. The benefits of water washability can be achieved by using water 
reducible resins along with other conventional varnish components. Preferably, 
however, a water washable ink varnish in accordance with the present 
invention includes both water reducible resins for water washability and low 

10 molecular weight nonvolatile solvents such as thc^e described below for 
improved ink set, life and other properties. 

The oil and solvent portion of the ink varnish of the present 
invention can be comprised of various oils and solvents common in ink 
formulation including, among others, various vegetable oils such as linseed oil, 

15 soya oil, castor oil and tung oil, various vegetable oil derivatives and various 
relatively low molecular weight nonvolatile solvents such as fatty acids and fatty 
add esters. The solvent portion of the ink varnish may also include a limited 
amount of petroleum based solvents if desired, however, preferably, the use of 
petroleum based solvents is eliminated entirely or reduced as much as possible 

20 for the reasons discussed above. Preferably, the low molecular weight 

nonvolatile solvaits should comprise between about 5% to 75% by weight of the 
ink varnish, more preferably about 10% to 40% by weight and most preferably 
about 15% to 30% by weight. 

The low molecular weight nonvolatile solvents useful in the 

25 composition of the present invention assume a nonvolatile or substantially 

nonvolatile state at ambient t^peratures. As used herein, the term nonvolatile 
is intended to mean liquids which do not evaporate appredably under ambient 
conditions or have a vapor pressure less than 1.0 nunHg at 25®C. Examples 
indude solvent groups which bring about add base reaction or hydrogen 

30 bonding such as carboxyl group, amino group, hydroxyl group, ether group and 
amide group. Also induded are the fatty adds of C5 or above and dieir fatty add 
esters, liquid aliphatic amines sudi as aliphatic monoamine, ethylene diamine, 
propylene, diamine and alkyl derivatives thereof; polyalcohol such as aliphatic 
alcohol of C5 or above, ethylene glycol, diethylene glycol, propylene glycol, 

35 alcohol ether thereof, aliphatic ether, glycerine, trimethylolpropane and 

paitaerythritol; and other solvents induding ketone such as cydohexanone, 
ester and amine. 

In accordance with the present invention, the low molecular weight 
nonvolatile solvents indude those solvents having a molecular weight less than 
40 about 500 and more preferably less than 350. These solvents are suffidently 
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mobile and sufficiently hydrophilic so that they will be quickly absorbed into the 
printed substrate provided they are not subject to esterification, 
transesterification or other reactions during the varnish cook cyde. Many of the 
nonvolatile solvents such as the fatty adds have a relatively high add 
5 functionality, with add numbers greater than about 190. Thus, they are subject to 
both esterification and transesterification reactions. Others such as esters, 
however, have little or no add functionality. Thus, these are subject prindpally 
to transesterification reactions. 

In accordance with die present invention, the preferred 

10 components of the ink varnish are those considered to have a relatively high 
add functionality as described above. The use of high add functional materials 
such as certain resins and the like are increasing in ink formulation, particularly 
as more functional nonvolatile solvents are being used. Several potential 
advantages can be realized from such components induding improved pigment 

15 dispersion, emulsification control and improved solubility between the add 

functional resins and the acid functional solvents, among others. Further, water 
washability properties can be provided in an ink by using add functional, water 
redudble resins. However, the low VOC inks of the present invention have 
benefits even without water washability. It is believed that many of these 

20 potential advantages and properties are lost or significantly diminished, 

however, during conventional cook cydes as esterification and other reactions 
occur. 

The cook cyde in accordance with the present invention involves 
cooking title various varnish components at temperatures and for a time period 

25 which is suffident to dissolve the resins into the oils and solvents, but not at 
temperatures or times which will result in any appredable esterification or 
transesterification, thereby maintaining the various functional components 
substantially in tiKeir functional form. Accordingly, the cook cycle of the present 
invention indudes cooking the varnish components in a cook reactor or other 

30 vessel at a temperature slightly above the melting point of the highest melting 
point hard resin. The melting point of the highest melting point resin will vary 
from varnish to varnish. Preferably, however, the cook temperature should be 
no more than about 50® R (28® C) higher than the highest melting point resin, 
preferably no more than 20® F (11® C) and most preferably no more than about 

35 10® F (6® C). The materials are then held at or about this temperature with 
agitation for a time period which is preferably less than one hour, more 
preferably less than 30 minutes and most preferably for a period of about 5-20 
minutes. The cook conditions, spedfically temperature and time, should be 
suffidently high and long to melt the resins and to dissolve the various varnish 

40 components but suffidently low and short to limit esterification or other 
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reactions as much as possible, thereby maintaining the nonvolatile solvents and 
other functional components substantially in their unreacted and functional 
form. 

To accomplish the above objectives, it may also be desirable to stage 

5 the resin addition by adding resins to the reactor as the melting point of that 
particular resin is reached. This allows resins to melt in stages, thereby avoiding 
longer holding times at higher temperatiu-es since lower melting resins will 
have already been dissolved. Further, it is highly desirable to utilize high shear 
mixing to break up larger pieces of resin to dissolve partides as rapidly as 

10 possible. Preferably the cook temperature and cook time should be low and short 
enough to limit the reduction of acid number during the cook cycle to no more 
than 25%, preferably no more than 10% and most preferably no more than about 
5%. Further, with such cook cycle, the resulting ink varnish for a water 
insoluble ink composition of the present invention preferably exhibits an acid 

15 number greater than 60, more preferably greater tiian 45 and most preferably 
greater than 25. 

At the conclusion of the cooking step, the temperature of the 
components in the reactor is preferably cooled quickly so that if the temperature 
of such components is greater than about 300^ F (149^ C), such temperature drops 

20 below this level within about 5 minutes. This may be accomplished eitiier by 
appropriate heat exdianger or cooling means or by holding back a portion of the 
liquid components of the varnish (preferably oils and /or solvents) and leaving 
them at room temperature. Then, at the end of the cook cycle, these ingredients 
are combined with the heated components for purposes of quickly cooling such 

25 heated components. About 5% to 30% by weight of the oils and solvents and 
preferably about 10% to 20% of the oils and solvents may be withheld from the 
cook cycle for this purpose. 

The spedtic cook temperatures, cook times, cool times and 
techniques can vary, and will in fact vary, depending upon the particular 

30 comix)nents of the system. The temperature and duration of the cook cyde, 
however, should be suffidendy low and suffidentiy short so as to minimize or 
eliminate esterification or other reactions among the varnish components. 
Preferably, in varnishes having low molecular weight nonvolatile solvents, at 
least about 70% of such solvents will remain in their low molecular weight form 

35 during the cook cyde. 

Following preparation of the ink varnish as described above, an ink 
composition is made by combining the ink varnish with the .desired pigment 
and dispersing the pigment throughout the vamish. Technologies and methods 
for pigment dispersion are well known to those knowledgeable in the art and 

40 any of these methods can be used in preparing the ink composition in accordance 
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with the present invention. One accepted method of dispersing color pigment in 
ink varnish which is applicable to varnishes of the present invention is a process 
known as flushing. To practice this process a pigment/water slurry composed of 
about 30% pigment and 70% water and commonly referred to as presscake is 
5 mixed with the varnish with sufficient energy to cause the varnish to replace the 
water. The displaced water is then decanted off, leaving the pigment dispersed in 
the varnish. The resulting product is referred to in the art as a color flush 
containing a high concentration of pigment. The ink composition is then 
produced by combining the flush with a letdown varnish and/or other additives 

10 and solvent to achieve desired physical properties. 

Having described the details of the preferred compositions and 
methods, the following examples will demonstrate the present invention. 
Unless otherwise specified all percentages are ''by weighf'. In all examples, at 
least 100 grams of ink composition were prepared. 

15 Example 1 

A series of experiments was conducted to analyze the effect of cook 
parameters (temperature and time) on vamish and ink properties in which the 
varnish contains a water reducible resin and a low molecular weight nonvolatile 
solvent. In Example I, the water reducible resin is a short oil alkyd (Cargill 74- 

20 7451) and the nonvolatile solvent is a fatty add, namely oleic add having a 
molecular weight of 2BZ 

Varnish was produced by combining the resins and oil components 
together and heating in a one liter laboratory reactor fitted with a thermocouple 
and high-speed agitation. The heating mantle was fitted with temperature 

25 control to maintain constant temperature. 

Once the desired temperature was reached, a stopwatch was used to 
monitor the cook time. At cook times of 15 minutes, 30 minutes and 120 
minutes, 300 gms. of vamish were removed for analysis. When samples were 
removed, they were crash cooled in an ice bath to simulate rapid cooling. 

30 The add number of each vamish sample was determined by 

titration with O.IM potassium hydroxide in methanol. Phenolphthalein 
indicator was used to determine the endpoint 

Test inks were produced by adding 18% by weight of Raven 1500 
(Columbian Chemical) pigment to the vamish samples. The pigment was 

35 ground on a Buhler SDX600 three roll mill. 

Ink viscosity (in poise) and yield value were measured with a laray 
viscometer (Ademel Lhomargy) using four drop times. 

Ink tack was measured at 1 minute and 5 minute intervals on a 
Twig-Albert Model 106 inkometer at 90^ F and 800 RPM. 

40 Set times were deterauned by the following procedure: 



wo 96^922 



PCT/US95/05593 



15 

1. A drawdown was produced from the Akira proof press on 
King James cast coat stock. 

2. The proof was immediately cut into strips to yield a large 
nimiber of wet ink samples. 

5 3. At two minute intervals, a sample strip was placed between 

two sheets of paper and forced between the rollers of the 
proof press. 

4. The face of the sheet placed against the wet ink film was 
examined for transfer. 
10 5. Set was determined as the minimum time when little or no 

ink is transfered to the sheet. 
Gloss measurements were made on King James Cast Coat 80 lb. 
stock. Proofs were produced from a Akira Seisakusho Model Rl-2 proof press. 
The glossmeter used was a BYK Model 4501 microgloss set at 60^ incident beam. 
15 The wash times with an aqueous wash solution comprised of 1% by 

weight sodium hydroxide, 2% by weight nonionic surfactant (Macol 19), 0.1% by 
weight EDTA and 96.9% by weight deionized water were detemuned by the 
following procediure: 

1. Eight grams of link were placed on the rollers of a Riobi 500K 
20 offset press. 

Z The press was idled for one minute to evenly distribute the 
ink to all rollers. 

3. Ten milliliters of the wash solution was added to the rollers 
and the press was idled for thirty seconds to distribute the 

25 wash to all rollers. 

4. The press wash up blade was engaged to the roller train. 

5. A stopwatch was used to measure the time required to 
completely clean the rollers of all ink, with small additions of 
roller wash being added until all rollers were completely 

30 cleaned. 

Varnish Composition 









Melt 




Component 


Source 


AN 


Temp (»F) 


Wt. % 


Fumaric Mod. Rosin 


(Unirez 8100, Union Camp) 


100.72 


230 


6.1% 


35 Fumaric Mod. Rosin 


(Unirez 8200, Union Camp) 


202.35 


309 


6.1% 


Phenolic Mod. Rosin 


(Unirez 9405, Union Camp) 


20.38 


320 


9.1% 


Short Oil Alkyd 


(CargiU 74-7451) 


53 




24% 


Castor Oil 


(United Catalyst) 






20.5% 


Oleic Add 


(Emersol 214NF Henkel Inc.) 


202 




19.5% 


40 Linseed Oil 


(00 Reg. Litho, Degen Oil) 






4.7% 



10 
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Theoretical Beginning Add Number of Varnish was 72.91. The 
molecular weight of the oleic add was 282. 

Test Results 



Cook 


Cook 


End 


Vis/ 


Tacl/ 


Set 


Diy 


Wash 


Temp (T) 


Time (Min) 


AN 


Yield 


Tac5 


(Min.) 


Gloss 


(Min.) 


320 


15 


68.10 


282/8X)00 


20.0/19.0 


8 


98.0 


455 


320 


30 


62.70 


310/3^00 


20.3/19.4 


11 


98.90 


4:30 


320 


120 


58.40 


265/4/)00 


20.2/19.6 


12 


94.1 


10+ 


360 


15 


66.50 


245/2^500 


19.7/19.5 


10 


95.90 


5:40 


360 


30 


61.14 


260/2^00 


19.9/192 


15 


90.00 


5:20 


360 


120 


46.04 


294/3^00 


22.4/20.6 


19 


88.70 


10+ 


400 


15 


62.70 


220/5^00 


18.4/195 


15 


83.50 


6:40 


400 


30 


54.70 


265/2^00 


20.2/18.8 


17 


86.20 


6:15 


400 


120 


35.54 


350/2^00 


24.1/213 


19+ 


90.70 


10+ 



15 



The printability of all ink samples was good. The samples exhibited 
varying degrees of acceptability of ink set and water washability as shown. 
20 Example 2 

Example 2 comprised a series of experiments, identical to the 
procedures of example 1 except that the low molecular weight nonvolatile 
solvent was a fatty add ester, namely Nirez 9012 from Arizona Chemical. The 
fatty add ester had a molecular weight of about 300. The theoretical beginning 
25 add value of the varnish was 34.74. 

Vamish Composition 









Melt 




Component 


Source 


AN 


Temp ("F) 


Wt. % 


Fumaric Mod. Rosin 


(Unirez 8100, Union Camp) 


100.72 


230 


6.1% 


30 Fumaric Mod. Rosin 


(Unirez 8200, Union Camp) 


202.35 


309 


6.1% 


Phenolic Mod. Rosin 


(Unirez 9405, Union Camp) 


20.38 


320 


9.1% 


Short OU Alkyd 


(Caigill 74-7451) 


53 




24% 


Castor Oil 


(United Catalyst) 






20.5% 


Fatty Add Ester 


(Nirez 9014, Arizona Chem.) 






19.5% 


35 Linseed Oil 


(00 Reg. Utho, Degen OU) 






4.7% 
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Test Results 



Cook 


Cook 


End 


Vis/ 


Tacl/ 


Set 


Dry 


Wash 


Temp (°F) 


Time (Min) 


AN 


Yield 


Tac5 


(Min.) 


Gloss 


(Min.) 


320 


15 


36.45 


230/11^0 15.9/16.5 


5 


97.90 


3:23 


320 


30 


33.87 


240/8/)00 


165/17.7 


8 


98.90 


2:44 


320 


120 


3Z27 


235/4^)00 


17.6/18.7 


8 


97.90 


3:48 


360 


15 


32.69 


235/3^00 


17.8/17.7 


10 


100.50 


4:10 


360 


30 


32.35 


255/8^00 


ia2/19.1 


10 


101.30 


2:54 


360 


120 


29.02 


255/3^00 


195/20.2 


12 


95.70 


4:23 


400 


15 


30.93 


222/4^ 


185/185 


10 


96.60 


3:49 


400 


30 


29.58 


255/4/)00 


19.6/19.9 


8 


98.40 


4:00 


400 


120 


24.45 


550/8^00 


265/265 


8 


90.40 


10:00+ 



The printability of all Ink samples was good. All samples except the 
15 last (No. 9) exhibited acceptable set and water washability. Although sample No. 
9 exhibited generally unacceptable water washability with washup time being 
10-h, it did exhibit highly acceptable set properties. 

Example 3 

In example 3, an ink varnish was produced by the process of the 
20 present invention and was then used to flush presscake to produce a color 
concentrate known as a flush. 

An ink varnish having the composition set forth below was 
produced by cooking all ingredients except the oleic acid and linseed oil in a cook 
kettle. The oleic acid and linseed oil were held out and maintained at room 
25 temperature. The kettle was heated with the caster oil until a temperature of 
250° F was reached. The Unirez 8100 was then added and the heating continued 
with agitation. When the temperature reached 300° the alkyd/ Unirez 8200 
and Unirez 9405 were added with agitation. The temperature was brought to 
330° F and held for 15 minutes, after which the oleic add and linseed oil were 
30 added to rapidly drop the temperature to 270° F. Cooling water was then 

circulated through cooling coils in the kettle to drop the temperature to 200°F. 

Varnish Composition 









Melt 




Component 


Source 


AN 


Temp CP) 


Wt. % 


35 Fumaric Mod. Rosin 


(Unirez 8100, Union Camp) 


100.72 


230 


5.97% 


Fiunaric Mod. Rosin 


(Unirez 8200, Union Camp) 


202.35 


309 


5.97% 


Phenolic Mod. Rosin 


(Unirez 9405, Union Camp) 


2038 


320 


8.91% 


Short Oil Alkyd 


(CaigiU 74-7451) 


53 




25.66% 


Castor Oil 


(United Catalyst) 






32.68% 


40 Oleic Add 


(Emersol 214NF Henkel Inc) 


202 




15.60% 
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Linseed Oa (00 Reg. Litho, Degen OU) - - 5.21% 

Three pounds of presscake containing approximately 33% pigment 
in water (Cyan, Sim Chemical 449-1281) was flushed by adding to sigma-blade 
5 mixed. Two pounds of the varnish were then added slowly over a one hour 
period xmtil the flush "broke'' and free water was generated. The water was 
decanted and an additional one pound of varnish was added over an additional 
one hour period. Mixing continued for an additional hour to decant flie 
remaining water. The result was a color flush containing 24.8% pigment in 
10 varnish. 

Example 4 

Because a color flush contains a higher concentration of pigment 
than is desired for an ink composition, production of an ink composition 
involves combining the flush with a letdown varnish together with other ink 

15 additives and additional solvent, if needed, to obtain an ink composition with 
the desired pigment concentration, viscosity and other physical properties. 
Example 4 demonstrates the production of ink compositions of tiie process colors 
magenta, cyan and yellow by combining a flush prepared in accordance with the 
process of example 3 and a letdown varnish of the following composition also 

20 prepared in accordance with the process of example 3. 

Varnish Composition 









Melt 




Cpmppnent 


pourqe 


AN 


Temp CF) 


wt. % 


Fumaric Mod. Rosin 


(Unirez 8100, Union Camp) 


100.72 


230 


6.6% 


Fumaric Mod. Rosin 


(Unirez 8200, Union Camp) 


202.35 


309 


6.6% 


Phenolic Mod. Rosin 


(Unirez 9405, Union Camp) 


20.38 


320 


8.8% 


Short OU Alkyd 


(CargiU 74-7451) 


53 




24.3% 


Castor Oil 


(United Catalyst) 






31.0% 


Fatty Add Ester 


(Nirez 9014, Arizona Chem.) 






16.1% 


Linseed Oil 


(00 Reg. litho, Degen Oil) 






6.6% 



The ink compositions of the process colors magenta, cyan and 
yellow were as follows: 





Process Magenta 




Flush 


(Pigment: RD-2005, Uhlidi Color) 


73.7% 


Letdown Varnish 




12.3% 


Fatty Add Ester 


(Nirez 9014, Arizona Chemical) 


7.4% 


Wax 


(C-348, Lawter International) 


3.6% 


Drier 


(Co-Mn LinAU 907, OMG Inc.) 


2.0% 


Trilon BDF 


(BASF Inc.) 


1.0% 
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Flush 

Letdown Varnish 
Fatty Add Ester 
Wax 
Drier 

Trilon BDF 



(Figment 449-1281, Sun Chemical) 60.3% 

28.0% 

(Nirez 9014, Arizona Chemical) 5.2% 
(C-348, Lawter International) 3.5% 
(Co-Mn LinAll 907, OMG Inc.) 2.0% 
(BASF Inc.) 1.0% 



10 



15 



Flush 

Letdown Varnish 
Fatty Add Ester 
Wax 
Drier 

Trilon BDF 



Process Yellow 

(Pigment 688, Industrial Color) 

(Nirez 9014, Arizona Chemical) 
(C-348, Lawter International) 
(Co-Mn LinAU 907, OMG Inc.) 
(BASF Inc.) 



74.7% 
7.3% 

11.4% 
3.6% 
2.0% 
1.0% 



Process Black 

The process black ink composition having the following 
20 composition was produced by combining ttie redns, oils and solvents in 

accordance with the varnish cook process of Example 3. In sudi process, 10% of 
the fatty add ester was held out and maintained at room temperature. The 
carbon black, alkali blue, wax and driers were then added and milled on a Buhler 
SDX600 three roU mill. 



25 


Carbon Blade 


(Raven 1500, Columbian Chem.) 


15.10% 




Unirez 8100 


(Union Camp) 


4.41% 




Unirez 8200 


(Union Camp) 


4.41% 




Unirez 9405 


(Union Camp) 


5.78% 




Short Oil Alkyd 


(74-7451, CargUl Inc.) 


17.62% 


30 


Modified Unseed OU (73-7319, Cargill Inc) 


3.18% 




Castor Oil 


(USP grade. United Catalyst 


21.14% 




Linseed Oil 


(00-Reg, Utho, Degen Oil) 


3.45% 




Fatty Add Ester 


(Nirez 9014, Arizona Chemical) 


16.84% 




Wax 


(C-348, Lawter International) 


3.5% 


35 


Drier 


(Co-Mn LinAll 907, OMG Inc.) 


2.0% 




Trilon BDF 


(BASF Inc.) 


1.0% 




Alkali Blue 


(BASF Inc.) 


1.57% 



The above process color inks were printed on a lithographic 
40 Heidelberg Speedmaster 40"' six color press. The fountain solution used was 
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10 



15 



20 



25 



30 



Anchor 2832 Emerald 3Z etch and Anchor 2721 ARS-FD at 3 ounces and 4 ounces 
per gallon respectively. Twenty thousand impressions were run. 

The following print charactoistics were obtained: 

Dot Gain 

(50%, 150 line) Print Contrast Gloss (60«) 



Ink 
Magenta 
C5ran 
YeUow 
Black 



Dendty 
1.43 
1.40 
0.93 
1.72 



25.5% 
25.5% 
17.0% 
28.5% 



34.5 
34.5 

32 

36 



65 
46 
57 
58 



Papa: g^ss was 36 to 40. Set times and water washability were good 

for all inks. 

Example 5 

In example 5, the procedure of example 1 was followed for varnish 
composition employing a variety of nonvolatile solvents. 

Varnish Composition 









Melt 




Component 


Source 


AN 


Temp m 


Wt- % 


Fumaric Mod. Rosin 


(Unirez 8100, Union Camp) 


100.72 


230 


6.1% 


Fumaric Mod. Rosin 


(Unirez 8200, Union Camp) 


202.35 


309 


6.1% 


Phenolic Mod. Rosin 


(Unirez 9405, Union Camp) 


20.38 


320 


9.1% 


Short Oil Alkyd 


(Cargill 74-7451) 


53 




24% 


Castor Oil 


(United Catalyst) 






20.5% 


Linseed Oil 


(00 Reg. Utho, Degen Oil) 






4.7% 


Nonvolatile Comp. 


(See Table Below) 






19.5% 




Nonvolatile Component 








Sample 


Description 









35 



A 
B 

C 
D 
E 
F 
G 



Methyl Laurate (Emery 2296, Henkel) 

Methyl Oleate (Emery 2219, Henkel) 

Adntol Fatty Add 2 (PC-01-O40, Arizona Chemical 

Caprylic Add (Emery 657, Henkel) 

Fatty Add Ester (Nirez 9012, Arizona Chemical) 

Coconut Fatty Add (Emery 622, Henkel) 

Soya Fatty Add (Emery 618, Henkel) 
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Test Results 







Cook Cook 


End 


Vis/ Tacl/ 


Set 


Dry 


Wash 






Sampi? ("F) (Min) 


AN 


Yi?14 Tac5 


(Min.) 


Gloss 


(Min.) 


TAN 




A 


320 


15 


3437 


115/4,000 143/18.8 


6 


95.70 


358 


33.8 


5 


B 


320 


15 


32.97 


179/11^0 14.0/15.7 


6 


98.10 


3:43 


34.2 




C 


320 


15 


67.7 


208/6^ 18.2/17.5 


5 


98.20 


3:20 


71.6 




D 


320 


15 


95.1 


140/2^0 16.3/18.5 


10 


92.70 


3:35 


1083 




E 


320 


15 


32.8 


325/15300 143/16.1 


7 


92.70 


3:12 


34.16 




F 


320 


15 


80.7 


206/45,000 163/173 


9 


9Z70 


3:11 


86.59 


10 


G 


320 


15 


70.1 


300/65,000 183/18/2 


10 


9330 


5.16 


72.77 
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CLAIMS 

1- A substantially water insoluble ink vamish comprising a resin 

component/ an oil component and a solvent component wherein said solvent 
5 component includes a fxmctional nonvolatile solvent comprising 5% to 75% by 
wdght of ihe vamish and wherein the add number of said vamish is greater 
than 25. 

2. The ink vamish of daim 1 wherein the add number of said vamish 
10 is greater than 45. 

3. The ink vamish of daim 2 wherein the acid number of said vamish 
is greater than 60. 

15 4. The ink vamish of daim 1 being a lithographic ink vamish. 

5. The ink vamish of daim 1 wherein at least a p>ortion of said resin 

component comprises a water redudble resin. 

20 6. The ink vamish of claim 1 wherein said nonvolatile solvent has a 

molecular weight less than 350. 

7. The ink vamish of claim 1 wherein said nonvolatile solvent is 
comprised of one or more of a fatty add, fatty add ester, fatty amine and fatty 

25 alcohol. 

8. The ink vamish of daim 7 being a lithographic ink vamish. 

9. An ink composition comprising the vamish of daim 1 and a 
30 pigment component. 

10. A substantially water insoluble ink vamish comprising a resin 
component, an oil component and a solvent component wherein said resin 
component includes a water redudble resin in an amount suffident to render 

35 said vamish substantially water insoluble at addic pH levels and watar washable 
at alkaline pH levels with suffident strength to convert said vamish to a water 
washable form and wherein at least a portion of said solvent component is a 
nonvolatile solvent. 

40 11. The ink vamish of daim 10 wherein said nonvolatile solvent has a 

molecular weight less than 350. 
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12. The ink varnish of claim 10 wherein said nonvolatile solvent is 
comprised of one or more of a fatty add, fatty acid ester, fatty amine and fatty 
alcohol. 

13. The ink varnish of claim 10 being a lithographic ink varnish. 

14. The ink varnish of claim 13 wherein the add number of said ink 
varnish is greater than 25. 

15. An ink composition comprising the varnish of claim 10 and a 
pigment component. 

16- A substantially water insoluble ink varnish comprising a resin 

component/ an oil component and a solvent component wherein said solvent 
component indudes a low molecular wdght nonvolatile solvent of a molecular 
weight less than 500 and existing in said varnish in its low molecular weight 
form, wherein said nonvolatile solvent comprises about 5% to 75% by wdght of 
fhe varnish. 



17. Tlie ink vamish of daim 16 bdng a lithographic ink varnish. 

18. The ink vamish of daim 16 wherdn said nonvolatile solvent is 
comprised of one or more of a fatty add, fatty add ester, fatty amine and fatty 
alcohol. 

19. A method of making a substantially water insoluble ink vamish 



comprising a resin component, an oil component and a solvent component, at 
least one of said components being a functional component, said method 
comprised of the steps of: 

heating at least a portion of said resin, oil and solvent 
components to a cook temperature and 

cooking said portion of said resin, oil and solvent 
components for a cook time and at temperature no greater than said 
cook temperature, said cook temperature being suffidently high and 
said cook time being suffidently long for said resin component to be 
dissolved by said oil and solvent components and said cook 
temperature being suffidently low and said cook time being 
suffidently short to maintain said functional component 
substantially in its functional form. 
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20. The method of claim 19, wherein said functional component is an 
add functional component and wherein said cook temperature is sufficiently 
low and said cook time is sufficiently short to limit the reduction of add number 
of the varnish during said heating and cooking steps to no greater than 25%. 

5 

21. The method of daim 19 wherein said functional component is a 
water redudble resin and wherein said cook temperature is suffidently low and 
said cook time is suffidently short to maintain said water redudble resin in its 
water redudble form diulng said heating and cooking steps. 

10 

2Z The method of daim 21 wherein said vamish is a lititographic ink 

varnish. 

23. The method of daim 22 wherein said functional component is an 
15 add functional component. 

24. The method of claim 23 wherein the add number of said vamish is 
at least 25. 

20 25. The method of daim 21 wherein said solvent component indudes a 

nonvolatile solvent and said functional component further includes at least a 
portion of said nonvolatile solvent. 

26. The method of daim 19 wherein said solvent component indudes a 
25 nonvolatile solvent and said functional component includes at least a portion of 

said nonvolatile solvent. 

27. The method of claim 26 wherein a portion of said nonvolatile 
solvent is a low molecular wdght nonvolatile solvent having a molecular 

30 wdght no greater than about 350 and wherein said cook temperature is 

suffidently low and said cook time is suffidently short to maintain at least 70% 
by weight of said low molecular weight solvent in a form having a molecular 
wdght no greater than 350 during said heating and cooking steps. 

35 28. Hie method of daim 20 wherein the add number of said vamish is 

at least 25. 

29. The method of daim 19 wherein said cook temperature is no 

greater than 20^ F above the mdting point of the highest mdting point resin 
40 component. 



30. The method of daim 19 wherein said cook time is no longer than 

one hour. 



10 



15 
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31. The method of daim 30 wherein said cook time is no longer than 30 
minutes. 

32. The method of daim 29 wherein said cook time is no longer than 
one hour. 

33. The method of daim 19 including cooling said portion of said resin, 
oil and solvent components after said cooking step. 

34. The method of daim 33 wherein said cooling step indudes 
combining said portion of said resin, oil and solvent with a second portion of 
said oil and/or solvent components, said second portion being at a temperature 
less than said cook temperature. 

35. The method of daim 19 wherein said resin is a water redudble 
resin. 



36. The method of daim 35 wherein said varnish is a lifliographic ink 
20 varnish. 

37. A method of making an ink composition comprising making the 
varnish of daim 19 and combining said varnish with a pigment component. 

25 

38. A method of making a substantially water insoluble lithographic 
ink vamish comprising a resin component and a solvent component, at least 
one of said components bdng an add functional component, said method 
comprised of the steps of: 

30 

heating at least a portion of said resin and solvent 
components to a cook temperature suffidently high to dissolve said 
resin component in said solvent component; and 

35 cooking said resin and solvent components for a cook time 

suffidaitly short to predude reduction of the add number of the 
vamish during said cook time of no more than 25%. 

39. The method of daim 38 wherein the cook time is suffidently short 
40 to predude reduction of the add number of the vamish more than 10%. 

40. The method of daim 38 wherein the add nxmiber of the vamish 
after said cook time is greater than 25. 
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41. A substantially water insoluble low VOC lithographic ink varnish 
comprising a resin component, an oil component and a nonvolatile solvent 
component wherein said resin component includes a hard resin having an add 
mmiber greater than 30 and comprising at least 5% by weight of the varnish. 

5 

42. The ink varnish of daim 41 wherein the add nimiber of said hard 
resin is greater than 50. 

43. The ink varnish of daim 42 wherein said hard resin comprises at 
10 least 10% by weight of the varnish. 

44. The ink varnish of claim 41 wherein said hard resin comprises at 
least 10% by weight of the vamish. 

15 45. The ink vamish of daim 41 wherein at least a portion of said resin 

component comprises a water redudble resin. 

46. The ink vamish of claim 41 wherein at least a portion of said 
nonvolatile solvent is comprised of a fatty acid ester. 

20 

47. The ink vamish of claim 41 wherein said resin component further 
indudes an alkyd component. 

48. The ink vamish of daim 41 which does not exhibit water 
25 washability. 
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